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Historically, oil shale developers have tacitly assumed that if and when 
they began producing shale oil and other products, somebody would be ready 
and willing to buy them, Considering all the technical, economic, environ- 
mental, political, and institutional problems facing the developers, this 
assumption was reasonable. In fact, during recent "severe" liquid fuels 
shortages, the assumption may have been perfectly valid. With the current 
energy situation, fuels pricing structure, political environment, and the 
nearing commercial reality of oil shale development, the assumption that a 
ready market exists for oil shale products requires further examination. 

Not only must a developer determine whether someone will buy the products, 
but he must also determine what that prospective buyer will pay. The selling 
price of shale oil was historically assumed to be the price of conventional 
crude oil less some penalty for its high nitrogen content and pour point. 
Because the economics of oil shale production were not very precise, this was 
a reasonable approach. A s  the day of commercial production nears, however, 
construction cost estimates are becoming more refined, and costly design 
decisions are being made based on the marketing and transportation options 
anticipated. Estimates must be made, then, as accurately as possible 
regarding the ultimate disposition of the products to ensure that costly 
design errors are not made at this critical point in the planning program. 

One interesting aspect of the transportation and marketing question is 
that the constraints and input parameters keep changing with new technology 
developments, revised product pricing structures, new environmental regula- 
tions, and changes in the availability of and demand for conventional and 
alternate fuels. A perfectly logical choice of transportation method and 
market made today may be totally unrealistic next year. For instance, several 
years ago a suggested market for raw shale oil was as a boiler fuel in 
California, with transport by a pipeline. Today, the EPA questions the 
acceptability of burning shale oil, California has more than an adequate 
supply of boiler fuel, and existing pipelines are now pumping Alaskan oil 
eastward out of California. 
coproducts such as ammonia, sulfur, and coke. Even the perceived demand 
for nahcomite and soda ash may fall victim to as yet unforeseen events. 

Similar observations can also be made regarding 

Because the information that must be processed to arrive at a final 
decision is constantly changing, developing a system to manage this informa- 
tion is necessary. This system must permit the information to be processed 
quickly, yet be flexible enough to respond to changing conditions. A methodology 
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developed by Colorado School of  Mines Research I n s t i t u t e  s a t i s f i e s  these  c r i t e r i a ,  
bu t  t o  d i s c u s s  t h e  s o l u t i o n  would be  premature u n t i l  t h e  scope of the  problem i s  
f i r s t  def ined.  Disposing of  s h a l e  o i l  i n  t h e  most economical fash ion  c o n s i s t s  of 
two s e p a r a t e ,  but  r e l a t e d ,  problems -- marketing and t r a n s p o r t a t i o n .  Addressing t h e  
marketing ques t ion ,  t h e  f i r s t  t a s k  is t o  d e f i n e  what is  being marketed. That i s , ,  
e i t h e r  raw s h a l e  o i l ,  an upgraded product ,  o r  some in te rmedia te -qua l i ty  product 
can b e  marketed. Next, t h e  q u a n t i t y  of t h e  p a r t i c u l a r  product t o  be marketed must 
be def ined.  In  the  i n i t i a l  s t a g e s  of product ion ,  whether t h a t  be from a so-cal led 
demonstration p l a n t  o r  a s i n g l e  t r a i n  of a l a r g e r  o p e r a t i o n ,  t h e  output  w i l l  l i k e l y  
be s e v e r a l  thousand b a r r e l s  p e r  day. A t  f u l l  commercial product ion l e v e l s ,  perhaps 
a s  much as 50,000 t o  100,000 b a r r e l s  per  day w i l l  be  produced. Some markets w i l l  
be more amenable t o  one product ion  l e v e l  than another  and t h e  c o s t s  per  b a r r e l  f o r  
processing,  i n  p a r t i c u l a r  upgrading,  w i l l  be s i g n i f i c a n t l y  d i f f e r e n t  f o r  the  two 
production r a t e s .  

Raw o r  upgraded s h a l e  o i l  may be  marketed a t  a number of l o c a t i o n s  and may be 
used for  s e v e r a l  d i f f e r e n t  purposes .  I n  g e n e r a l ,  t h r e e  b a s i c  uses  e x i s t  f o r  raw 
o r  upgraded s h a l e  o i l  -- a s  a b o i l e r  f u e l ,  a r e f i n e r y  feeds tock ,  and a petro-  
chemical feedstock.  Some market s i tes e x h i b i t  a l l  t h r e e  u s e s ;  o t h e r s ,  only one o r  
two. 

Associated with each of  t h e s e  markets ,  by both l o c a t i o n  and use ,  is a s e l -  
l i n g  p r i c e  -- t h e  p r i c e  t h e  s h a l e  o i l  product  would br ing  a t  t h e  buyer 's  p lan t  
g a t e .  However, t h e s e  f i g u r e s  a r e  based on t h e  assumption t h a t  t h e  buyer wants 
t h e  product ,  and t h i s  may n o t  be  a v a l i d  assumption. For i n s t a n c e ,  a p a r t i c u l a r  
s h a l e  o i l  product may be p h y s i c a l l y  and chemical ly  equiva len t  t o  a No. 6 f u e l  
o i l  c u r r e n t l y  being f i r e d  i n  a u t i l i t y  b o i l e r .  The market va lue  of t h e  product 
could then be assumed t o  be  e q u i v a l e n t  t o  t h e  p r i c e  paid f o r  t h e  f u e l  o i l ,  but 
i f  t h e  u t i l i t y  company has a long-term c o n t r a c t  with a dependable f u e l  o i l  
s u p p l i e r ,  t h e  c a l c u l a t e d  market va lue  i s  meaningless because a market r e a l l y  
does not e x i s t .  

A similar example i s  t h e  marketing of r a w  s h a l e  o i l  a s  a r e f i n e r y  feedstock.  
To c a l c u l a t e  t h e  market p r i c e  of  t h e  product ,  i t  i s  p o s s i b l e  t o  determine a 
va lue  t h a t  could be s u b t r a c t e d  from the  p r i c e  of a convent ional  feeds tock  t o  
a d j u s t  t h e  p r i c e  of the  sha le-der ived  product  downward t o  account f o r  high pour 
p o i n t ,  n i t rogen ,  and t r a c e  meta ls  c o n t e n t .  However, t h e  r e f i n e r  would only pay 
t h a t  p r i c e  i f  t h e  necessary equipment were a v a i l a b l e  f o r  processing t h e  raw 
s h a l e  o i l ,  and very few r e f i n e r i e s  c u r r e n t l y  possess  t h a t  c a p a b i l i t y .  
he would r a t h e r  pay t h e  h igher  p r i c e  f o r  an o i l  he  can handle .  

L ike ly ,  

S i m p l i s t i c  economic approaches a r e ,  t h e r e f o r e ,  inadequate  fclr properly 
eva lua t ing  a p o t e n t i a l  market ing s t r a t e g y ,  because a s s o c i a t e d  wi th  each market- 
ing  opt ion  is a market "qua l i ty"  r a t i n g .  
t o r s ,  including a v a i l a b i l i t y  of o t h e r  crude s u p p l i e s ,  long-range corpora te  p lans ,  
market s i z e ,  and o t h e r s .  
have been discussed s o  f a r .  

This  r a t i n g  is a func t ion  of many fac- 

F igure  1 i l l u s t r a t e s  t h e  market-related a s p e c t s  t h a t  

Having now def ined  t h e  market l o c a t i o n  and end use,  t h e  expected p r i c e ,  and 
t h e  q u a l i t y  of t h e  market, t h e  next  ques t ion  t o  b e  addressed i s  how t o  g e t  t h e  
product  from t h e  o i l  s h a l e  p l a n t  t o  t h e  buyer ' s  p l a n t .  Several  t r a n s p o r t a t i o n  
methods may be a v a i l a b l e ,  b u t  i t  nay n o t  be advantageous t o  use t h e  same method 
a l l  t h e  way t o  t h e  buyer ' s  p l a n t .  Rather ,  in te rmedia te  t r a n s f e r  p o i n t s  may be 
used t o  change from one mode t o  another ,  o f t e n  t o  g r e a t  advantage. 

E s s e n t i a l l y  t h r e e  t r a n s p o r t a t i o n  methods a r e  a v a i l a b l e  f o r  s h a l e  o i l  t rans-  
p o r t  -- r a i l r o a d s ,  p i p e l i n e s ,  and t r u c k s  -- each wi th  i t s  own advantages and 

208 



'\ 

, 

, 
\ 

\ 

disadvantages.  
Out, s e v e r a l  op t ions  e x i s t  f o r  t r a n s p o r t i n g  t h e  s h a l e  o i l  product  between any 
two adjacent  p o i n t s .  
moving o i l  between t h e  o i l  s h a l e  p l a n t  and t h e  market should be considered.  

Except f o r  some s i t u a t i o n s  i n  which t ruck  t r a n s p o r t  may be ruled 

Therefore ,  many p o s s i b l e  t r a n s p o r t a t i o n  combinations f o r  

Having def ined t h e  choices  of where t o  go and how t o  g e t  t h e r e ,  t h e  c o s t  
and f e a s i b i l i t y  of moving t h e  s h a l e  o i l  by each p o s s i b l e  method must next  be 
determined. Costs a r e  t h e  e a s i e s t  information t o  a c q u i r e ,  i n  t h a t  t h i s  type  of 
information is a v a i l a b l e  from t h e  r e s p e c t i v e  p i p e l i n e  companies and r a i l r o a d s ,  
o r  can be ca lcu la ted  based on r e a l i s t i c  c a p i t a l  and opera t ing  c o s t  es t imates .  
Any cos t  es t imate ,  however, assumes t h a t  t r a n s p o r t  by t h a t  p a r t i c u l a r  method is  
f e a s i b l e  -- which i t  may n o t  be.  For i n s t a n c e ,  publ ished t a r i f f  r a t e s  by Amoco 
Pipe l ine  f o r  t h e  l i n e  between S i n c l a i r ,  Wyoming, and S t e r l i n g ,  Colorado, i n d i -  
c a t e  the  c o s t  t o  be $0.15 per  b a r r e l  t o  t r a n s p o r t  o i l  over  t h e  route .  However, 
Closer  i n v e s t i g a t i o n  r e v e a l s  t h a t  t h e  capac i ty  of t h a t  l i n e  is only about 
40,000 b a r r e l s  per  day,  and i t  is  l i k e l y  t h a t  t h e  excess  capac i ty  i n  t h e  1990 
t i m e  frame w i l l  be cons iderably  less. 
s h a l e  o i l  may adverse ly  a f f e c t  t h e  q u a l i t y  of t h e  convent ional  o i l  subsequent ly  
shipped through t h e  l i n e ,  and t h e  p i p e l i n e  companies may have a l e g a l  r i g h t  t o  
r e f u s e  shipment of raw o i l  through t h e i r  common c a r r i e r  l i n e s ,  even i f  t h e  pour 
p o i n t s  and v i s c o s i t i e s  meet t h e i r  s tandards .  Thus, t h e  q u a l i t y  of a p a r t i c u l a r  
t r a n s p o r t a t i o n  method must be considered a s  w e l l  a s  i t s  c o s t .  Figure 2 
i l l u s t r a t e s  the  complexity of t h e  o v e r a l l  problem, inc luding  t h e  t ranspor ta t ion-  
r e l a t e d  aspec ts .  

I n  a d d i t i o n ,  t h e  contaminants i n  r a w  

The complexity of marketing and t r a n s p o r t i n g  s h a l e  o i l ;  t h e  time requi red  t o  
design,  permit ,  and c o n s t r u c t  t r a n s p o r t a t i o n  systems; and t h e  r i s k s  involved i n  
any dec is ion  r e q u i r e s  t h a t  more than j u s t  i n t u i t i o n  be  used i n  e s t a b l i s h i n g  a 
prospec t ive  marketing and t r a n s p o r t a t i o n  s t r a t e g y .  

With the  problem thus  d e f i n e d ,  t h e  next  l o g i c a l  s t e p  i s  t o  s o l v e  i t .  CSMRI 
has developed a methodology t o  organize  and eva lua te  a l l  t h e  v a r i o u s  t ranspor-  
t a t i o n  and marketing opt ions .  The approach is  geared t o  t h e  s p e c i f i c  needs of a 
p a r t i c u l a r  p r o j e c t ,  t h e  unique marketing c o n s t r a i n t s  of t h e  r e s p e c t i v e  develop- 
ers, and t h e  p a r t i c u l a r  s t a g e  of p r o j e c t  development. I t  is  a f l e x i b l e  method- 
ology capable  of providing quick eva lua t ions  and y e t  providing a b a s i s  f o r  
s o p h i s t i c a t e d  opera t ions  research-oriented s t u d i e s .  

Knowledgeable input  i s  requi red  i n  four  b a s i c  a r e a s  t o  make accura te  eval- 
ua t ions  : 

. Market p r i c e s  . Transpor ta t ion  c o s t s  . Market q u a l i t y  . Transpor ta t ion  segment q u a l i t y  

It would seem t h a t  market p r i c e s  would be  t h e  most e a s i l y  acquired va lues ,  
being based merely on t h e  p r i c e s  paid f o r  equiva len t  f u e l s  o r  feeds tocks .  
f o r t u n a t e l y ,  determining what f u e l s  a r e  "equivalent"  t o  s h a l e  o i l  products  
r e q u i r e s  an understanding of convent ional  petroleum r e f i n i n g  and marketing, and 
some sage  engineer ing judgment. I n  some c a s e s ,  t h e r e  i s  no equiva len t  f u e l ,  so 
some economic e x t r a p o l a t i o n  i s  requi red .  

Un- 
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Transpor ta t ion  c o s t s  f a l l  i n t o  t h r e e  g e n e r a l  c a t e g o r i e s :  (1) es t imates  
based on known t a r i f f s ,  ( 2 )  e s t i m a t e s  provided by t r a n s p o r t a t i o n  companies 
us ing  data from similar systems,  and (3) es t imates  based on c a p i t a l  and oper- 
a t i n g  c o s t s  f o r  new systems. I n  those  r a r e  i n s t a n c e s  where t a r i f f s  e x i s t ,  
r a t e s  a r e  r e a d i l y  a v a i l a b l e .  The costs es t imated  by t h e  t r a n s p o r t a t i o n  
companies may be o v e r l y  o p t i m i s t i c  o r  excess ive ly  conserva t ive ,  depending on 
which poses t h e  least r i s k  f o r  t h e  company. F i n a l l y ,  c o s t s  based on c a p i t a l  
and operat ing c o s t  estimates a r e  d i f f i c u l t  t o  develop due t o  t h e  mul t i tude  of 
assumptions inherent  i n  such c a l c u l a t i o n s .  

Nevertheless ,  i t  i s  r e l a t i v e l y  easy t o  s u b t r a c t  from each market p r i c e  t h e  
appropr ia te  t r a n s p o r t a t i o n  c o s t s  ( including t r a n s f e r  charges  f o r  changing modes 
a t  in te rmedia te  t r a n s f e r  p o i n t s )  to  a r r i v e  a t  a c o n s i s t e n t  "p lan t -s i te"  value.  
When appropr ia te ,  an  upgrading c o s t  can a l s o  be s u b t r a c t e d ,  l eav ing  a va lue  of 
r a w  s h a l e  o i l  a t  t h e  r e t o r t  s i t e .  

The development of economic c o s t  e s t i m a t e s  should reasonably be based on 
o b j e c t i v e  ana lyses ,  bu t  a cons iderable  degree  of s u b j e c t i v e  i n p u t  i s  requi red  
as w e l l .  Therefore ,  t h e  i n d i v i d u a l s  using t h e  r e s u l t s  of t h e s e  s t u d i e s  must be 
d i r e c t l y  involved i n  t h e  development of t h e  assumptions to  ensure  t h a t  t h e  con- 
c lus ions  a c c u r a t e l y  r e f l e c t  a p a r t i c u l a r  o i l  s h a l e  deve loper ' s  unique s i t u a t i o n .  

While t h e  f i r s t  two i t e m s ,  market p r i c e s  and t r a n s p o r t a t i o n  c o s t s ,  r e q u i r e  
some s u b j e c t i v e  i n p u t ,  market q u a l i t y  and t r a n s p o r t a t i o n  q u a l i t y  r e q u i r e  even 
more. Market q u a l i t y  i t s e l f  is  determined by a number of f a c t o r s ,  including the 
following : 

1. Long-term p o t e n t i a l  
2 .  Short-term p o t e n t i a l  
3 .  Market f l e x i b i l i t y  
4 .  Independence from l e g i s l a t i o n  
5. Independence from o t h e r  o i l  s h a l e  developers  

To use  t h e  method developed by CSMRI,  s u b j e c t i v e  r a t i n g s  a r e  made f o r  each 

Applying t h e  weight- 
market i n  each ca tegory ,  and each category i s  given a "weighting f a c t o r "  t o  ind i -  
c a t e  i t s  r e l a t i v e  importance f o r  a p a r t i c u l a r  eva lua t ion .  
ing  f a c t o r s  t o  t h e  r e s p e c t i v e  q u a l i t y  r a t i n g s  then y i e l d s  a s i n g l e  q u a l i t y  value 
f o r  each market op t ion .  The va lue  c a l c u l a t e d  f o r  each market is  then used t o  
compare t h e  r e l a t i v e  "goodness" of t h e  opt ions .  
d i f f e r e n t  a s p e c t s  of t h e  marketing problem can be emphasized and s tudied .  

By changing t h e  weighting f a c t o r s ,  

A s imilar  r a t i n g  system i s  a l s o  appl ied  t o  t h e  t r a n s p o r t a t i o n  opt ions ,  except 
t h a t  each t r a n s p o r t a t i o n  o p t i o n  involves  a s e t  of i n d i v i d u a l  t r a n s p o r t a t i o n  
segments. 
b in ing  t h e  r a t i n g s  f o r  t h e  component segments. 
t h e  q u a l i t y  r a t i n g  may be based on s e v e r a l  f a c t o r s  inc luding:  

A t r a n s p o r t a t i o n  q u a l i t y  f o r  t h e  e n t i r e  op t ion  is  c a l c u l a t e d  by com- 
For each t r a n s p o r t a t i o n  segment, 

1. Ease of permi t t ing  
2 .  Short-term v i a b i l i t y  
3. Long-term v i a b i l i t y  

A s  with t h e  market e v a l u a t i o n s ,  each ca tegory  i s  assigned a weighting f a c t o r  
which i n  t u r n  i s  appl ied  t o  t h e  q u a l i t y  r a t i n g s  f o r  each segment t o  y i e l d  an  
o v e r a l l  segment q u a l i t y .  
f o r  each t r a n s p o r t a t i o n  opt ion .  

These v a l u e s  a r e  then  combined t o  y i e l d  a q u a l i t y  r a t i n g  
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Having acqui red  a l l  of t h e  necessary o b j e c t i v e  and s u b j e c t i v e  i n p u t s  f o r  t h e  
market and t r a n s p o r t a t i o n  opt ions  under i n v e s t i g a t i o n ,  and performing a l l  of 
t h e  necessary mathematical c a l c u l a t i o n s ,  t h r e e  va lues  f o r  each o p t i o n  a r e  
developed t h a t  may be used f o r  comparison purposes t o  determine t h e  most v i a b l e  
t r a n s p o r t a t i o n  and marketing opt ion .  
r a w  s h a l e  o i l ,  t h e  q u a l i t y  of t h e  market,  and t h e  q u a l i t y  of t h e  t r a n s p o r t a t i o n  
made. 

These v a l u e s  a r e  p l a n t - s i t e  v a l u e  of t h e  

A hypothe t ica l  example, shown i n  Table 1, can be used t o  i l l u s t r a t e  t h e  
v a l u e  of t h i s  approach. A pure ly  economic e v a l u a t i o n  would i n d i c a t e  t h a t  t h e  
b e s t  op t ion  i s  t o  s e l l  raw s h a l e  o i l  a s  a b o i l e r  f u e l  i n  t h e  Midwest and t r a n s -  
p o r t  i t  t h e r e  by p i p e l i n e .  The economics do n o t  t a k e  i n t o  account t h a t  t h e  
common c a r r i e r  p i p e l i n e s  may n o t  t r a n s p o r t  t h e  r a w  o i l  o r  t h a t  government regu- 
l a t i o n s  may preclude t h e  use  of o i l  a s  a b o i l e r  f u e l .  
only impl ies  t h a t  a good p r o f i t  could be made Lf. you could  do i t .  On t h e  o t h e r  
hand, t h e r e  may e x i s t  a good market f o r  hydro t rea ted  s h a l e  o i l  as a r e f i n e r y  
feeds tock  i n  t h e  Midwest, and i t  is  q u i t e  f e a s i b l e  t o  t r a n s p o r t  i t  t h e r e  by 
p i p e l i n e ,  bu t  t h e  economic r e t u r n  i s  very  low, p r i n c i p a l l y  because of t h e  h igh  
c o s t  of hydro t rea t ing  such a small  q u a n t i t y  of product .  Shipping raw s h a l e  o i l  
by r a i l  t o  r e f i n e r s  i n  t h e  Midwest wi th  c a p a c i t i e s  t o  handle  t h e  r a w  o i l ,  
however, provides a reasonable  economic r e t u r n ,  whi le  a t  t h e  same t i m e  maintain- 
ing high market and t r a n s p o r t a t i o n  q u a l i t i e s .  A s  may b e  noted ,  however, should 
any of t h e  fundamental assumptions concerning e i t h e r  t r a n s p o r t a t i o n  o r  market 
q u a l i t y  change, t h e  r e l a t i v e  ranking of t h e  o p t i o n s  w i l l  be  changed a s  wel l .  

The economic e v a l u a t i o n  

Option s e l e c t i o n  must a l s o  be based on c o n s i d e r a t i o n s  about  t h e  pre l imi-  
nary  t a s k s  requi red  t o  implement t h e  opt ions .  That i s ,  emphasis must be 
placed on s e l e c t i n g  o p t i o n s  t h a t  do not  prec lude  implementation of a l t e r n a t i v e  
opt ions ,  should t h e  assumptions used i n  t h e  e v a l u a t i o n  change. 
t h e  h ighes t  r a t e d  opt ion  may involve  t r a n s p o r t  of raw s h a l e  o i l  whereas t h e  
n e x t  f i v e  h ighes t  r a t e d  o p t i o n s  may involve  on-s i te  upgrading. Due t o  t h e  time 
requi red  t o  des ign  an  upgrading f a c i l i t y  and i n c o r p o r a t e  i t  i n t o  t h e  o v e r a l l  
o i l  s h a l e  p l a n t ,  d i smiss ing  t h e  concept of upgrading would n o t  b e  prudent ,  a s  
condi t ions  may change p r i o r  t o  commercial p roduct ion ,  t h u s  reducing t h e  ranking 
of t h e  raw o i l  t r a n s p o r t  concept. The l a c k  of pre l iminary  planning e f f o r t s  
regard ing  upgrading f a c i l i t i e s  might j e o p a r d i z e  t h e  implementation of t h e  now 
more d e s i r a b l e  upgrading opt ions .  

For i n s t a n c e ,  

This  b r i e f  d e s c r i p t i o n  is c e r t a i n l y  n o t  adequate t o  e x p l a i n  a l l  of t h e  
complexi t ies  and problems involved i n  acqui r ing  t h e  d a t a  f o r  t h i s  t y p e  of s t u d y ,  
o r  wi th  t h e  f i n e r  p o i n t s  of d a t a  manipulation. Hopefully,  i t  has  conveyed t h e  
scope of t h e  problem and introduced t h e  methodology developed by C S M R I  t o  eva l -  
u a t e  t h e  a v a i l a b l e  opt ions .  The methodology can address  t h e  many problems, 
p r e j u d i c e s ,  and d e s i r e s  of each s p e c i f i c  s h a l e  o i l  p roducer ,  t h u s  making t h e  
approach very  p r o j e c t - s p e c i f i c .  Addi t iona l ly ,  i t  i s  capable  of being quick ly  
and e a s i l y  updated t o  e v a l u a t e  t h e  e f f e c t s  of new informat ion  as i t  becomes 
a v a i l a b l e .  The t i m e  i s  f a s t  approaching when major d e c i s i o n s  a r e  going t o  be 
made based on p r e d i c t e d  s h a l e  o i l  t r a n s p o r t a t i o n  and marketing s t r a t e g i e s  and 
t h e s e  p r e d i c t i o n s  must be based on comprehensive e v a l u a t i o n s  t h a t  account f o r  
op t ion  q u a l i t i e s  as w e l l  a s  hard economics. 
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TABLE 1 

Typica l  Option Evalua t ion  

Bas is :  10,000 B a r r e l s  Per Day Product ion Level 

P l a n t  S i t e  
Value 

Option (S /bbl )  

1. Raw s h a l e  o i l / b o i l e r  fuel/Midwest/ 30 
pipe1 i n e  

2 .  Hydrotreated s h a l e  o i l / r e f i n e r y  15 
feeds tock/Nidwes t /p ipe l ine  

3.  Raw s h a l e  o i l / r e f i n e r y  feeds tock/  25  
Midwest / ra i l  

Market Transpor ta t ion  
Qual i ty  Qua 1 i t y  
(0-100) (0-100) 

45 50 

95 90 

80 90 
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